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FOREWORD 


The  research  reported  herein  was  supported  by 
the  Advanced  Research  Projects  Agency  through 
the  Office  of  Naval  Research,  Power  Branch, 

Code  429,  with  Mr.  Richard  L.  Hanson  as  Scientific 
Officer.  This  report  was  prepared  in  compliance 
with  Section  H  of  Nonr  4428(00)  under  ARPA  Order 
No.  23,  and  covers  the  period  29  May  1964  through 
28  May  1965.  This  work  was  carried  out  in  the 
Synthetic  Chemistry  Group  with  Dr.  D.  Pilipovich, 
Principal  Scientist  of  the  Fluorine  Chemistry  Unit, 
as  the  Responsible  Scientist.  Full-time  associates 
connected  with  the  technical  effort  were  Dr.  H.  F. 
Bauer,  Dr.  C.  J.  Schack,  and  Mr.  R.  D.  Wilson. 

Dr.  C.  B.  Lindahl  joined  the  technical  staff 
during  the  last  two  months. 
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ABSTRACT 


The  new  oxidizer  oxychlorine  trifluoride,  CIF^O,  has  been  prepared  in 
hiRli  yields  by  the  fluorination  of  ClgO.  Preliminary  results  indicate 
this  new  oxidizer  boils  at  30  ±5  C. 


Concomitant  with  the  formation  of  CIF^O,  it  was  found  that  ClgO  is  acidic 
to  CsF  inasmuch  as  complexes  of  the  type  CsF'Cl^O  are  formed.  This 
material  represents  a  new  class  of  compounds. 


The  preparation  of  CIF^O  was  attempted  by  a  variety  of  routes.  Metatheticf 
reactions  of  C1F,_  did  not  yield  CIF^O  nor  did  the  careful  hydrolysis  of 
ClFt-  give  rise  to  CIF^O.  The  fluorination  of  conmercial  calcium  hypo¬ 
chlorite  gave  inconclusive  results.  Discharge  reactions  of  F^  with  Clo0 
and  C10o  gave  no  new  species;  nor  did  the  discharge  reaction  of  0^  with 
CIF^  and  CIF^  give  rise  to  new  compounds. 

The  preparation  of  Br20  was  accomplished  for  study  with  F^  and  CsF.  The 
compound  (iF^O),  was  found  to  be  best  represented  by  the  composition 

W- 

Using  HNF2  and  CIF^  in  a  variety  of  foms  failed  to  yield  ClFgNF,^.  The 
stoichiometry  of  the  reaction  was  fo’  »d  to  follow  the  equation 


CIF^  +  3HNF2- 


»C1NF2  +  N2F^  +  3HF 


It  was  also  found  that  the  action  of  C1F  on  HNF„  gave  a  quantitative 
yield  of  CINFg  and  represents  a  new  preparation  of  CINF^. 

The  reaction  of  NF  0  and  BF  Cl  failed  to  give  NFoC10. 

ID 

The  F  '  n.m.r.  examination  of  the  systems  RfO-CIF,.  and  PNDg-ClF,.  showed 
no  interaction  in  the  liquid  state. 
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INTRODUCTION 


This  report  presents  the  approaches  taken  during  the  past  year  in  seeking 
new  high-energy  oxidizers.  As  will  oe  seen,  a  variety  of  techniques  were 
employed  in  attempts  to  achieve  this  goal.  Because  of  t he  high  potential 
of  species  such  as  CIF^O,  much  of  the  effort  was  directed  toward  ti:"  pur¬ 
suit  of  either  C1F  0  or  C1F_0.  Partial  success  was  realized  in  that 
3  5 

C1I,0  was  synthesized;  preliminary  data  are  presented. 


In  addition  to  extensive  work  on  both  CIF^O  species  and  studies  in  the 
IF^O  system,  this  report  also  presents  the  rationale  and  results  of  t ho 
condensation  reactions  of  HNF^  and  interhalogen  fluorides.  This  reaction 
system  has  long  awaited  a  more  complete  elucidation. 
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DISCUS8I0V 


U.XVCIfLORINE  TRI  FLUORIDE  (CIF^O) 

The  otudies  of  CIF^O  can  be  grouped  into  threo  categoriea:  (l)  direct 
f luorination  of  chlorine  (i)  oxides,  (2)  discharge  reactions  of  chlorine 
fluorides,  and  (3)  mctathetical  reactions  of  chlorine  (V)  fluoride. 
SuccoH8  was  achieved  using  only  the  direct  fluorination  approach. 

The  preparation  of  CIF^O  was  accomplished  readily  by  the  action  of  F^  on 
ClgO  (this  will  be  discussed  later).  The  characterization  of  CIF^O  is 
not.  yet  complete  but  enough  data  have  been  obtained  to  infer  the  composi¬ 
tion  CIF^O.  Oxychlorine  trifluoride  is  a  wator-white  liquid  and  freezes 
to  a  white  solid.  Some  preliminary  physical  characteristics  are  shown 
in  Table  1. 


TABLE  1 


PROPERTIES  OF  C1F?0 


Melting  Point,  C 

-68  *3 

Boiling  Point,  C 

+30  ±5 

Molecular  Weight 

Found  (vapor  density) 

101 

Calculated 

108.5 

Incons intent  elemental  analyses  wore  obtained,  however,  by  the  preliminary 
reduction  of  CIF^O  with  anhydrous  NH^  and  the  subsequent  analysis  for 
Cl-  and  F-.  The  average  F/CA  ratio  in  throe  different  samples  was  slightly 
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greater  than  3  (3.2):  however,  material  balancea  were  not  good.  It  ia 
believed  that  the  principal  errore  are  introduced  in  the  (l)  volume 
me.aure.ent  of  ClFj0,  (2)  partial  reaction  in  tran.ferring,  and  (3) 
poe.ible  presence  of  CIO,'  and/o.  CIO,'  in  the  final  aolutiona.  For 
example,  it  wa.  found  that  it  readily  gives  FCIO  ft.tr re  reductions 
are  contemplated  with  Hg  as  in  the  following  equations: 


411(5  +  2CJ.F^0 


'HgCl2  +  3HgF2  +  02 


The  infrared  trace  of  CHyi  is  ahown  in  Fig.  1.  A  apectrum  u.ing  an 
IH-7  was  measured,  and  bands  were  found  at  1220  cm'1,  680  cm'1  490  cm'1 
320  cm  ,  and  286  cm'1.  While  it  i.  not  poa.ible  to  aaaign  the  band, 
without  also  measuring  the  Human  effect,  the  spectrum  permit,  u.  to  say 
the  compound  CIF^  doe.  not  have  the  ry  structure,  but  probably  possess., 

C*  C.  iy— fy  id  best  represented  by  a  trigonal  bipyramid 

with  two  apical  fluorine  atom,  and  the  three  equatorial  positions  being 
occupied  by  an  electron  pair,  the  oxygen  atom  and  the  unique  fluorine: 
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The  proposed  structure  of  ClF^O  is  somewhat  analogous  to  the  structures 

of  both  C1F,  and  SF.  (Ref.  1  and  2).  Such  a  structure  should  give  rise 
19  ^  * 

to  a  F  n.m.r.  spectrum  consisting  of  a  doublet  and  a  triplet  in  the 
ratio  2:1.  The  spectra  obtained  for  the  pure  material  as  veil  as  solutions 
in  chlorine  and  Freon-11  show,  however,  only  a  single  resonance  for  CIF^O 
(Table  2). 


TABLE  2 


F19  NMR  DATA  FOE  CIF^ 


Sample 

Chemical  Shift 
Relative  to  Fg, 
ppm 

Assignment 

Temperature, 

C 

Clg  Solution 

141  broad 

cif3o 

-60 

( impure ) 

167  doublet 

cif5 

373 

? 

397 

? 

Freon-11  Solution 

141  singlet 

cuyi 

-88 

12  m/o 

414 

crci3 

Neat  Liquid 

161  singlet 

cif3o 

-65 

163  singlet 

cif3o 

25 

166  collapsed 

C1?30(.) 

-71 

The  failure  to  observe  two  distinct  typ«.s  of  fluorine,  even  at  -88  C,  may 
be  attributed  either  to  exchange  or  to  truly  equivalent  fluorines,  as  in 
a  structure  with  symmetry  (Ref.  3)-  This  latter  possibility  may  be 
excluded  on  the  basis  of  the  infrared  data  for  CIF^O. 
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Low-temperature  exchange  on  the  other  hand,  also  has  been  observed  for 
a  similar  compound,  SF^,  especially  in  the  presence  of  trace  impurities 
(Ref.  4).  Splitting  of  the  CIF^O  resonance  was  observed  between  -65  and 
-71  C  when  the  pure  material  was  examined.  This  appeared  to  be  due  to 
partial  liquid  entrapment  in  solid  CIF^O,  since  the  relative  peak  inten¬ 
sities  were  very  temperature-dependent,  and  complete  collapse  of  the 
structure,  indicating  freezing,  occurred  at  -68  -3  C.  This  premise  was 
substantiated  when  no  splitting  or  freezing  occurred  in  a  Freon-11  solution 
of  CIF^O  at  -88  C.  The  marked  downfield  solvent  shift  of  20  ppm  suggested 
that  CIF^O  was  somewhat  associated  in  the  pure  liquid,  as  was  also  indicated 
by  its  extrapolated  normal  boiling  point  of  30  ±5  C. 


A  sample  of  CIF^O  in  Cl^  was  run  in  a  Kel-F  n.m.r.  tube  with  known  impuri¬ 
ties,  FCIO^  and  CIF^,  present.  In  addition,  L1F,.  used  to  passi  ate  the 
tube,  was  also  present.  The  absence  of  the  expected  FClOg  or  CIF^  lines 
and  the  width  of  the  observed  CIF^O  resonance  further  attested  to  the 
likelihood  of  exchange  involving  CIF^O.  Unassigned  singlet  resonances 
at  373  and  397  ppm  in  the  ratio  2:1  may  have  been  due  to  CIF^  or  CF  com¬ 
pounds  arising  from  reaction  with  the  Kel-F  tube.  Quartz  n.m.r.  tubes 
were  used  for  the  other  CIF^O  samples  without  observing  impurities  such 

as  SiF,  . 

4 


19 

On  the  basis  of  the  relative  areas  for  the  ClF^O  and  CFCl^F  resonances 
in  a  12  m/o  solution  of  CIF^O,  c  ratio  of  2.8  fluorines  per  molecule  was 
calculated. 
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Fluor inationa 

The  selection  of  starting  materials  for  fluorination  to  CIF^O  and  sub¬ 
sequently  CIF^O  was  restricted  to  chlorine  (i)  species;  i.e. ,  Ca(0Cl)2 
(commercial) (ClgO  and  ClO'AsF,..  The  first  of  these,  Ca^Cl^was  tested 
with  Fg  at  125  C  and  ambient  temperature,  and  subsequently  at  -80  C  with 
CsF.  No  new  products  were  noted  in  all  these  experiments,  with  FCIO^, 
FClOg,  Cl^O^  and  ClOg  being  identified.  Considering  the  extreme  reactivity 
of  CIF^O,  it  is  not  surprising  that  it  was  not  observed  in  the  fluorina¬ 
tion  of  commercial  calcium  hypochlorite.  Bunn  (Ref.  5)  has  stated  that 
X-ray  examination  of  available  material  indicated  a  high  CaLOH)^  content. 

By  analogy  to  C1F_  and  CIF^,  Ca^Hjg  and  CIF^O  are  not  expected  to  be 
compatible . 

The  use  of  Cl^O  offered  more  hope  because  good  control  could  be  exerted 
over  reactant  purity.  Fluorine  and  ClgO  were  examined  at  125  C,  at 
ambient  temperature,  and  at  -80  C.  As  yet,  CIF^O  has  been  formed  only 
at  the  lower  temperatures.  Very  low  yields  are  obtained  using  neat  ClgO 
and  Fg.  However,  if  the  Cl^O  is  complexed  with  an  alkali  metal  fluoride, 
the  subsequent  fluorination  gives  CIF^O  in  yields  consistently  over  70 
percent. 

The-  only  complex  of  ClgO  fluorinated  thuB  far  is  that  formed  with  CsF. 
Marked  vapor  pressure  lowering  of  Cl^O  on  CsF  has  been  observed  up  to 
0  C.  In  fact,  the  complex  formed  iB  colorless  (or  white)  with  the  blood 
red  color  of  ClgO  being  completely  discharged.  Upon  warming  to  ambient 
temperature,  however,  the  addition  compound  slowly  dissociates  reversibly 
in  the  vacuum  line  to  ClgO. 
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In  view  of  the  above  data,  we  are  proposing  that  CsF  adds  to  Cl^O  as  in 
the  equation: 


xCsF  +  Cl^O- 


►Cs^ClgF^O  x  =  1  and/or  2 


It  i9  also  proposed  that  the  ClgO  structure  is  intact  in  the  suggested 
anions  FC10C1  and  FC10C1F  .  Experimental  verifications  of  these  hypotheses 


are  in  progress. 


Metathetical  Reactions  of  ClFr 


Partial  hydrolysis  of  CIF^  to  CIF^O  has  been  unsuccessful  in  the  past. 
Instead,  FCICg  was  formed,  indicating  perhaps  that  CIF^O  is  more  reactive 
with  water  than  is  CIF^  (Ref.  27)-  Less  reactive  conditions  with  a  variety 
of  oxygen  sources  were  examined  in  a  series  of  metathetical  reactions. 
Arsenic  pentaf luoride  was  often  used  to  promote  the  reaction  of  CIF^  as 
cationic  CIF^  with  oxygen-containing  materials.  In  no  case  was  there 
evidence  of  CIF^O  formation  or  intermediates  leading  to  it. 


(1)  C1F5*AsF5  +  H20(s) - 

(2)  C1F5-AsF5  +  (CF3C0)20- 
rupture 


►C1F_ ,  HF,  AsF  0 
5  3 

- ►vigorous  reaction,  apparatus 


(3)  C1F5-AsF5  +  N203 - ?3  -C— »  (N0+AsFa  ),  *N0o^ 


6  ),  no2AsF6,ci2 


(4)  CIF^  (diluted  with  Ng)  +  HgO  (yellow) - 


(5)  ClF_-AsFc  +  KNO  * 
5  5  3 


►C1F5,  (K+AsF3W03- )* 
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(6)  C1F5*AbF5  +  KNO^  +  HF-2-?-»KHF2,  N02+AbF6",  C10o,  FC102,  FCIO^ 

(7)  C1F5  +  KNO^  +  HF - ^-^-*.FN02,  ClOg,  FC102,  FCIO^ 

(8)  C1F5  +  KC104 - — ►No  reaction 

(9)  C1F5  +  KC104  +  HF - — ►KHFg,  ClOg,  FClOg,  FCIO^ 

*Solid  products  in  parentheses  were  not  identified  but  deduced 
from  a  material  balance. 

The  reaction  of  C1F,.  with  KNO^  and  KCIO^  was  promoted  by  the  addition  of 
HF,  probably  through  nitric  and  perchloric  acid  formation.  Arsenic 
pentaf luoride  reacted  with  the  bases  HgO  and  NO^  more  readily  than  did 
C1F,_;  consequently  little  promise  is  held  for  the  formation  of  CIF^O  by 
metathesis  on  the  basis  of  the  above  reactions. 

The  synthesis  of  CIF^O  was  also  attempted  by  the  oxidation  of  CIF^  by 
ozone. 

CIF^  +  0^ - - - ►CIF^O  +  Og 

The  only  reaction  observed  was  the  combined  attack  of  CIF^  and  0^  on  the 
Kel-F  infrared  cell  in  which  the  reaction  was  run.  ThiB  was  deduced  from 
the  observation  that  only  CF  materials  were  formed. 
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Discharge  Reactions 

However  limited  the  use  of  the  electric  discharge  may  appear  when  UBed 
in  a  "conventional"  manner,  the  fact  remains  that  the  ternary  system 
Ng-Fg-Og  does  give  products  containing  all  three  elements,  i.e.,  NF^O. 

The  question  immediately  arose  as  to  whether  CIF^O  and  CIF^O  can  result 
from  the  ternary  mixture  Clg-Fg-Og.  This  obvious  analogy  waB  tested  by 
subjecting  this  mixture  to  a  discharge  at  -80  C.  No  new  compounds  were 
observed  using  a  Fg-Clg-Og  ratio  °f  6:1:1.  Products  found  were  ClOg, 

FClOg,  CIF^,  and  C1F,_.  Due  to  the  accidental  presence  of  air  in  the 
starting  material,  NOg,  FNO,  FNOg,  and  ClONOg  also  were  formed.  Additi¬ 
onal  experiments  were  carried  out  at  -196  C,  and  in  addition  to  the  above 
products,  Compound  B  (Ref.  6)  was  found.  This  compound  was  identified 
as  WF^  which  arose  from  the  attack  by  Fg  on  the  tungsten  used  to  achieve 
the  glass-to-metal  seals  in  the  discharge  apparatus.  These  results  are 
consistent  with  those  previously  obtained  in  the  Rocketdyne  laboratories 
in  discharge  reactions  of  Clg.and  Fg  where  0 g  was  known,  at  times,  to  be 
an  impurity. 

Subjecting  mixtures  of  Clg,  F^,  and  0g  to  the  electric  discharge  does 
not  appear  to  be  promising  using  the  technique  described  above.  It  appeared 
that  variations  in  the  discharge  technique  may  offer  more  versatility  in 
product  control  than  the  techniques  now  employed.  One  method  decided 
upon  was  to  utilize  a  gas-solid  reaction  where  the  gas  is  some  excited 
species  such  as  Fg*  or  0g*.  The  solid  substrate  is  in  essence  p.  cold  wall 
where  excess  energy  can  be  readily  dissipated.  The  essential  difference 
from  the  previous  experiments  is  that  specific  bond  formation  is  sought 
by  the  interaction  of  an  excited  species  with  a  readily  oxidized  material 
as  opposed  to  an  overall  excitation  followed  by  random  and  fortuitous 
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recombinations.  The  following  equations  demonstrate  the  reactions 
considered: 


CIF^  +  0*- 

C1F_  +  0*  - 

5 

FC102  +  F*. 


C120  +  F* 


C120  +  F*. 


.CIF^O*  - 

.  C 1F_0*  - 

5 

.cif3o2*. 


C1F  0C1F  * ■ 
2  2 


.C1F, 0C1F. * 
4  4 


•CIF^G  +  Q 

-C1F_0  +  Q 

5 

,C1F302  +  Q 


.cif2ocif2  + 


^<C1F3  +  FC10 
IF  +  C1F30 


»C1F, 0C1F.  +  Q 
4  i  4 


C1F_  +  C1F_( 

3  5 


Thus,  either  02  or  F2  can  be  considered  for  the  above  oxidations,  depend¬ 
ing  on  the  choice  of  the  starting  material. 

The  advantages  of  the  solid-gas  reaction  at  once  became  obvious  for  several 
reasons.  First,  it  can  be  predicted  that  a  higher  degree  of  control  can 
be  exerted  with  regard  to  the  structure  of  the  products.  This  is  dictated 
by  the  fact  that  one  of  the  reactants,  the  solid,  is  the  wall  at  which 
immediate  dissipation  of  excess  energy  is  anticipated.  This  is  particularly 
important  when  it  is  realized  that  wall  reactions  enhance  product  forma¬ 
tion  in  a  discharge  reaction.  Concomitantly,  another  feature  is  suggested 
in  that  higher  yields  of  complex  moieties  may  be  realized.  It  should  be 
recalled  (Ref.  7)  that  in  the  discharge  preparation  of  NF30  from  various 
gas  mixtures  the  same  low  yields  were  obtained  for  the  starting  material 
combinations  NF^Og,  Ng-Og-F^  an<*  ^2-^2'  ^is  is  no  doubt  based  upon 

it,„  aaI  »  -T  A  « _ V  1  - V  _* X  ‘ -  IT. . 1  i  -  1  T1  %r 

V*»v  uvwvauoxv.ua  IIUOUIC  U1  u  lavuiuuic  ^UlllUluatlUli  U A  l/Iit?  CAC1  bCU  f  (  IN  y 

and  0  to  give  the  desired  product. 
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To  test  the  above  assumptions,  a  model  reaction  was  selected  for  study 
at  — 196  C.  The  desired  reaction  was: 


FNO  +  F*- 


»F^N0  +  Q 


The  use  of  FNO  was  selected  because  it  not  only  has  an  oxidizable  "central" 
atom  but  it  should  give  the  known  compound  NF^O.  The  apparatus  used  was 
a  U  shaped  Pyrex  discharge  tube  connected  to  a  glass  U-trap.  Both  were 
maintained  at  -I96  C,  and  a  constriction  was  placed  in  the  trap  about 
10  inches  downstream  from  the  discharge  zone.  Nitrosyl  fluoride  was 
then  condensed  at  the  constriction,  and  Fg  was  introduced  into  the  dis¬ 
charge  tube  at  a  pressure  below  50  millimeters. 

Examination  of  the  products  in  the  trap  showed  NF^O  to  be  present,  repre¬ 
senting  a  5-percent  conversion  of  the  FNO  A  separate  experiment,  a 
control  without  FNO,  yielded  no  NF^O  in  the  trap.  The  control  was  carried 
out  in  view  of  the  fact  that  the  F ^  supply  often  is  contaminated  with  small 
amounts  of  air.  Subsequent  experiments  shoved  the  FNO  (s)-F*  reaction  to 
be  reproducible.  In  view  of  the  moderate  success  with  the  model  selected, 
it  appeared  desirable  to  extend  it  to  halogen  oxides. 

The  selection  of  reactants  in  seeking  routes  to  new  F  Cl,  and  0  species 
is  quite  limited.  Prime  consideration  should  be  given  to  the  valence 
of  the  "central"  atom.  On  this  basis,  then,  all  chlorine  (VIl)  species 
do  not  appear  to  be  desirable  since  neither  oxidations  can  occur  nor  is 
the  replacement  of  0  on  chlorine  probable.  Consequently,  perchloryl 
fluoride  does  not  appear  to  be  a  suitable  precursor  for  discharge  studies. 
The  chlorine  compounds  which  meet  the  imposed  requirements  are  FC10_ 
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(or  ClOg)  and  ClgO.  Each  can  be  envisioned  as  giving  rise  directly  to 
the  sought  oxychlorofluorides: 

ci2o - ►CIO-  +  1/2  ci2 

F*  +  CIO - ►FC10 

FC10  +  F2 - ►  CIF^O 

The  reaction  of  ClgO  as  written  proceeds  through  the  rupture  of  a  CIO 
bond  which  requires  little  energy  in  ClgO.  The  photodecomposition  of 
chlorine  monoxide  proceeds  initially  according  to  the  first  step  of  the 

equation  ClgO - ►CIO*  +  l/2  Clg,  as  does  the  chlorine-^tom  sensitized 

decomposition  (Ref.  3)* 

To  extend  fluorination  to  halogen  oxides,  the  selected  precursors  were 
subjected  to  conditions  similar  to  those  in  the  FN0(s)-F*  experiments. 
For  example,  cnlorine  monoxide  was  frozen  at  -196  C  on  the  reactor  wall 
just  downstream  from  the  glow  discharge  electrodes.  Fluorine  passing 
between  the  electrodes  is  converted  to  fluorine  atoms.  These  radicals 
are  then  able  to  bombard  the  solid  reactant  and  effect  fluorination. 

By  maintaining  starting  materials  and  products  at  -196  C,  side  reactions 
are  minimized  and  hence  the  possibility  of  conversion  to  new  energetic 
species  is  maximized. 

In  extending  the  solid-gas  reaction  to  chlorine  systems,  two  electrical 
discharge  tubes  have  been  employed.  The  first  design  maintained  the 
Cl-0  compound  to  be  attacked  at  -196  C  but  left  the  electrodes  above  the 
bath  where  they  were  cooled  by  an  air  blower. 
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Chlorine  monoxide  was  reacted  twice  with  essentially  the  same  result. 

All  of  the  Cl^O  was  used  up,  but  the  only  CIO  species  formed  was  CIO^. 

Also  formed  were  Cl„  and  much  SiF. .  The  chlorine  dioxide  and  chlorine 

2  4 

probably  arose  directly  from  the  decomposition  of  Clo0. 

ci2o - ►CIO-  +  Cl 

CIO  +  C120  - ►C10o  +  201- 

Initiation  of  this  sequence  by  F  atoms  comparable  to  the  known  Cl  atom 
process  is  possible.  A  chain  radical  reaction  promoted  by  the  product 
Cl  atoms  makes  fluorine  necessary  only  for  initiation  and  not  propagation. 
Thus,  small  amounts  of  C1F  could  have  been  formed  but  not  detected. 

Air  contamination  in  one  run  was  noted  by  the  production  of  a  small  quan¬ 
tity  of  chlorine  nitrate.  This  again  is  a  well-characterized  product  of 
CIO  radical  reactions  (Ref.  8): 

cio-  +  no2 - ►cino3 

Due  to  difficulties  with  the  method  originally  selected  for  the  prepara¬ 
tion  of  FC.Og,  C102  was  present  as  an  impurity.  Nevertheless,  since  C102 
is  the  precursor  of  FClOg  it  was  expected  that  it  would  not  adversely 
affect  the  reaction.  In  fact,  fluorination  of  C102  would  itself  indicate 
that  suitable  fluorination  conditions  were  being  approached. 

Using  this  mixture  in  the  solid  phase,  it  was  found  that  the  discharge 
reaction  resulted  in  consumption  of  the  FClOg  but  not  of  the  ClOg.  The  pro¬ 
ducts  were  FCIO^  and  SiF^,  in  addition  to  the  ClOg.  The  conversion  of 
chloryl  fluoride  to  perchloryl  fluoride  is  certainly  not  the  result  of 
fluorination,  and  the  failure  of  the  C102  to  be  fluorinated  leads  to  the 
conclusion  that  fluorination  conditions  were  lacking. 
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The  formation  of  appreciable  amounts  of  SiF^  using  thia  technique  can 
account  for  the  findings.  The  activated  fluorine  may  react  with  the 
glass  of  the  tube  around  the  electrodes  too  fast  to  allow  sufficient 
amounts  to  reach  the  intended  reaction  zone.  In  addition,  oxygen  that 
is  liberated  by  ^he  conversion  of  the  silica  to  SiF^  may  be  responsible 
for  the  oxidation  of  FClOg  to  FCIO^. 

So  severe  was  the  etching  of  the  apparatus  near  the  electrodes  and  the 
thermal  strain  encountered  during  operation,  that  the  discharge  tube 
cracked  after  several  experiments.  A  newly  designed  system  was  fabri¬ 
cated  in  which  both  electrodet  and  substrates  could  be  immersed  in  a 
liquid  nitrogen  bath.  This  tube  showed  only  limited  etching  after  sev¬ 
eral  experiments. 

Again  utilizing  Cl^O  as  the  starting  material,  three  experiments  were 

conducted.  Two  dietinct  results  were  obtained,  depending  upon  the  purity 

of  the  fluorine.  In  the  absence  of  air  impurity,  most  of  the  chlorine 

monoxide  was  reacted  after  20  minutes.  The  yield  of  FClOg,  CIO^,  and 

C1F_,  along  with  a  trace  of  SiF, ,  demonstrated  that  fluorination  had 
i  4 

been  effected. 

When  air-contaminated  fluorine  passed  through  the  discharge,  the  product 
composition  was  altered.  As  expected,  ClOg  and  trace  amounts  of  SiF^ 
were  formed.  However,  no  FClOg  was  observed.  Furthermore,  appreciable 
yields  of  CINO^,  CiF,.,  and  NF^  were  noted.  These  molecules  are  all  known 
to  result  from  the  glow  discharge  reaction  of  the  appropriate  elements. 
The  important  point  derived  from  the  experiment  is  that  'luorination  of 
Cl  in  C1=0  bonds  is  much  more  difficult  to  achieve  than  *s  the  corres¬ 
ponding  fluorination  of  the  other  atoms  or  groups. 
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Although  purely  hypothetical,  the  following  reaction  scheme  indicates 

some  of  the  possible  intermediate  hypof luorites  and  shows  how  they  might 

give  rise  to  ClFr: 

1 

fcio2  +  f2 — .dl-acharge  lf2cio(of) ] 

[F,C10(0F)]  +  F2 - d-1-c.^arge  »>rF3Cl(0F)p] 

[f3ci(of)2J - ►  OIF,.  +  o2 

2  [p  CifOFjgT - ►  C1F(.  +  FC102  +  02  +  2  F2 

Since  no  CIF^  was  found,  it  is  probably  not  involved  in  the  conversion 
of  FC102  to  CIF^.  The  absence  of  CIF^  also  precludes  Cl2  as  an  inter¬ 
mediate.  In  discharge  reactions  of  F  and  Cl  ,  the  ratio  of  C1F,  to  C1F_ 

Z  Z  3  5 

was  always  found  on  the  order  of  10  to  1. 

To  determine  the  generality  of  displacing  oxygen  from  X02  species  by  dis¬ 
charge  f luorination,  this  reaction  was  carried  out  with  sulfur  dioxide. 

If  any  hypof luorites  of  sulfur  are  formed,  they  should  be  stable  to  warm¬ 
ing  (e.g.,  SF^OF),  and  thus  the  intermediate  character  of  C1-0F  species 
in  the  overall  reaction  could  be  demonstrated.  Under  the  same  conditions 
employed  with  FClOg,  it  was  determined  that  an<*  SF^  were  produced. 

Thus,  fluorination  and  displacement  did  occur,  but  intermediate  OF  species 
were  not  isolated. 

The  reaction  of  C1F,_  in  a  discharge  at  -80  C  was  examined.  It  was  hoped 
that  C1F2  or  CIF^  radicals  might  be  generated.  Such  radicals  might  react 
with  the  glass  reactor  to  form  new  F-C1-0  compounds  or  couple  to  yield 
compounds  such  as  (F^Cl)2.  The  coupling  reection  is  analogous  to  the 
preparation  of  BgCl^  in  a  mercury  electrode  discharge  apparatus  (Ref.  28). 
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The  reaction  of  C1F,.  in  a  discharge  at  -80  C  was  examined.  It  vas  hoped 
that  ClF,j  or  CIF^  radicals  might  be  generated.  Such  radicals  might  react 
with  the  glass  reactor  to  form  new  F-C1-0  compounds  or  couple  to  yield 
compounds  sujh  as  (F^Cl)^.  The  coupling  reaction  is  analogous  to  the 
preparation  of  B^Cl^  in  a  mercury  electrode  discharge  apparatus  (Ref.  28). 

In  a  series  of  experiments  beginning  at  the  lowest  voltage  at  which  a 
discharge  could  be  maintained  and  then  at  higher  voltages,  it  was  deter¬ 
mined  that  no  new  species  were  obtained.  At  the  lower  voltages,  the 
C1F,_  was  essentially  unchanged.  At  higher  voltages,  the  CIF^  was  completely 
destroyed,  giving  mainly  F^  and  Cl^.  The  other  products  were  CIO^,  FCIO^, 
and  SiF,  . 

The  discharge  reactions  reported  have  indicated  several  areas  in  which 
new  metastable  compounds  may  have  been  produced.  The  formation  of  non¬ 
condensible  gases  during  product  workup  may  be  indicative  of  the  presence 
of  °2*2‘  however,  the  characteristic  color  of  vaB  never  °t>8erved  in 

any  of  the  reaction  mixtures. 


OTHER  OXYHALOGEN  TRIFLUORIDES 


It  appears  highly  probable  that  CIF^O  is  the  first  example  of  an  inter¬ 
halogen  oxyfluoride  of  molecular  composition  XF^O.  The  existence  of  an 
iodine  compound  of  that  empirical  composition  has  been  known  for  some 
time  (Ref.  9).  However,  examination  of  the  chemical  and  physical  prop¬ 
erties  of  this  material  makes  it  most  unlikely  that  the  empirical  com¬ 
position  is  the  same  as  the  molecular  composition.  For  example,  IF^O 
is  a  solid  which  does  not  melt  to  110  C  but  decomposes  according  to  the 
following  equation: 
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This  non-melting  characteristic  and  reasonably  high  decomposition  temp¬ 
erature  are,  for  the  simple  IF^O  molecule,  extremely  unlikeJv,  especially 
in  view  of  the  fact  that  IF,_0  (of  proven  molecular  composition)  lias  a 
melting  point  of  +4.5  C  (Ref.  111).  It  seems  more  probable  that  the  mat¬ 
erial  is  actually  IO^IFg”,  as  has  been  speculated  previously  (Ref.  9). 
Attempts  to  prepare  and  isolate  IF^O  for  characterization  have  been  only 
partially  successful.  The  reactions  tried  were: 


I2°5  +  3IF5 


if5  +  H2° 


.5IF30 

.  IF^O  +  2HF 


The  isolated  samples  have  been  of  low  fluorine  content.  Two  problems  are 
apparently  being  encountered  in  the  first  method.  First  of  all,  there 
has  not  been  complete  reaction  of  the  1^0^,  de8Pite  the  use  of  IF^  in 
excess  of  that  originally  reported;  secondly,  on  work  up  of  the  solid 
products,  the  excess  IF^  has  been  pumped  off  while  heating  at  50  to  60  C. 
This  temperature  may  be  too  high,  and  may  result  in  the  decomposition 
of  IF^O.  The  observed  fluorine  contents  (5  to  6.5  percent)  can  only  be 
explained  on  this  basis. 

19 

The  F  n.m.r.  spectra  of  1^0^  ambient  and  elevated  temperatures 

and  also  that  of  possible  related  species  KIF^  and  KIF^  in  IF,,  (prepared 
according  to  Ref.  11  and  12)  were  run.  Iodine  pentaf luoride  alone  showed 
no  fluorine  exchange  from  room  temperature  through  +80  C.  However,  1^0  ^ 
ia  IF,.,  when  heated  to  form  IF^O,  showed  only  a  single  slightly  broadened, 
band  at  +405  ppm,  indicating  complete  exchange  with  the  solvent.  At  room 
temperature,  where  the  IF^O  is  only  slightly  soluble  in  IF,.,  the  solvent 
exchange  stopped,  and  there  remained  only  one  singlet  peak  at  +405  ppm. 
This  singlet  is  comparable  to  that  of  KIF^  in  IF^  at  +404  ppm,  and  lends 
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credence  to  the  composition  10 ^  IF^  for  IF^O.  No  evidence  for  other  F 
absorptions  was  found.  The  spectrum  of  KIF^  in  IF^  showed  only  collapse 
of  the  multiplet  structure  oi  the  solvent,  indicating  slow  fluorine 
exchange;  this  was  different  than  either  the  supposed  IF^O  or  KIF^. 

The  isolation  of  (iF^O)^  of  good  purity  will  enable  us  to  conduct  infra¬ 
red  characterization  experiments  and  perhaps  give  conclusive  proof  of 
tie  composition  of  the  material. 


The  preparation  of  BrF^O  has  not  been  reported.  However,  the  known  exis¬ 
tence  of  a  suitable  precursor,  to  that  used  in  the  formation  of 

CIF^O,  namely  Cl^O,  makes  the  synthesis  of  BrF^O  and  BrF^O  appear  feasible. 
The  production  of  Br^O  in  the  same  manner  as  Cl^O,  using  yellow  HgO  and 
Br2  with  nitrogen  carrier  gas,  was  unsuccessful.  The  preparation  of  this 
material  in  CFCl^  solution  at  low  temperature  (-23  C)  was  carried  out. 

While  not  yet  completely  freed  of  Br2>  a  brown-black  solid  believed  to 
be  Bro0  has  been  observed.  Furthermore,  vapor  phase  chromatography  of  a 
partially  decomposed  sample  has  shown  that  Br^  and  0^  are  the  only  pro¬ 
ducts  present.  While  a  pure  BrgO  sample  might  be  desirable,  it  is  not 
necessary  since  it  will  be  necessary  to  use  the  compound  in  solution  to 
form  the  CsF  complex  prior  to  f luorinat ion,  Bromine  contamination  should 
not  affect  this  complex  formation.  Also,  this  proposed  synthesis  of 
BrF^O  may  be  simplified  by  the  formation  of  the  CsF  complex  in  situ  as 
the  Br20  is  being  generated.  Experiments  utilizing  both  these  routes 
are  planned. 
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DIOXYHALOGEN  TRI FLUORIDES 

Several  attempts  have  been  made  to  prepare  FIO^  and  FBrO^  for  use  as 
intermediates  in  catalytic  f luorinations.  It  is  expected  that  these  mat¬ 
erials  would  lead  to  the  new  compounds  IF^Og  and  BrF^O^.  In  this  way  it 
is  hoped  that  information  regarding  the  feasibility  of  similar  f luorina¬ 
tions  of  FC102  will  be  acquired. 

The  preparation  of  FIO^  has  been  unsuccessful  via  the  following  reaction 
(Ref.  13): 


I2«5  +-  F2 - 2FI02  +  1/2  02 

It  lias  not  been  possible  to  completely  remove  the  solvent  from  the  pro¬ 
duct.  Syntheses  of  this  compound  will  be  attempted  by  the  thermal  decom- 

\ 

position  of  IF^O  (Ref.  9)  as  this  becomes  available. 

The  preparation  of  FBr02  from  KBrO^  and  BrF^  (Ref.  14)  has  been  hampered 
by  the  low  purity  BrF^  available.  Substitution  of  C1F,.  as  a  reactant  was 
unsuccessful.  When  pure  BrF,.  is  obtained,  this  procedure  will  be  tried 
again. 


DIFLUORAMINO  DERIVATIVES  OF  CHLORINE  FLUORIDES 

A  series  of  studies  was  conducted  employing  difluoramine  and  other  inor¬ 
ganic  moieties  to  achieve  the  synthesis  of  new  -NF2  containing  inorganic 
oxidizers.  A  primary  effort  was  directed  to  the  preparation  of  F^ClNFg 
compounds.  It  should  be  recalled  that  products  of  this  type  were  sought 
some  time  ago  (Ref.  24).  In  the  cited  work,  NF^O  was  first  produced  due 
to  C102  impurities.  For  the  present  work,  extremely  high  purity  CIF^ 
was  used. 
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The  Reaction  of  Dif luoramine  and  Chlorine  Trifluoride 


The  amphoteric  character  of  both  difluoramine  (Ref.  15  and  16)  and  chlorine 
trifluoride  (Ref.  17  and  18)  has  been  veil  established.  Utilization  of 
this  acid-base  property  vas  attempted  in  an  effort  to  achieve  a  condensa¬ 
tion  reaction  between  these  materials. 

CIF^  +  HNF2 - - - ►FgCINFg  +  HF 

It  vas  determined  that  the  reaction  proceeds  rapidly  and  smoothly  to  yield 
chlorodifluoramine  and  tetrafluorohydrazine  as  follows: 

CIF^  +  3HNF2 - i*ClNF2  +  N2F4  +  3HF 

Despite  attempts  at  limiting  the  amount  of  available  difluoramine,  it  vas 
not  possible  to  isolate  the  simple  condensation  product,  FgCINFg.  When 
equimolar  or  excess  amounts  of  chlorine  trifluoride  vere  employed,  it  vas 
found  that  chlorodifluoramine  vas  the  principal  product  (yields  up  to 
95  percent  based  on  the  limiting  reagent).  Thus  the  establishment  of  a 
Cl-N  bond  is  a  primary  occurrence.  However,  the  substitution  oi  the  NF2 
group  on  chlorine  apparently  increases  the  reactivity  of  the  remaining 
fluorine  atoms  in  the  molecule  markedly.  This  results  in  their  subsequent 
reaction  with  more  difluoramine  or  the  surfaces  of  the  reaction  vessel. 

Since  the  reaction  of  chlorine  and  difluoramine  to  form  chlorodifluoramine 
is  known  (Ref.  19)  to  be  slov,  the  failure  to  find  chlorine  as  a  product 
regardless  of  the  reactant  stoichiometry  shows  that  a  straightforward 
reduction  of  the  CIF^  to  Clg  does  not  occur. 
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It  was  also  independently  established  that  chlorine  monofluoride  and 
difluoramine  react  in  equimolar  quantities  to  form  chlorodif luoramine. 

C1F  +  HNF0 - ►C1NF2  +  KF 

This  reaction  is  also  not  accompanied  by  any  reduction  to  chlorine. 

Two  routes  to  the  formation  of  CINF^  can  be  considered.  They  are  visu¬ 
alized  in  the  following  sequences: 


a. 

cif3  +  hnf2 

— ►C1F2NF2  +  HF 

b. 

C1F2NF2  +  2HNF2- 

— ►  CINF  +  N  F,  +  2 
2  2  4 

a' . 

CIF^  +  2HNF2 

— *.C1F  +  2HF  +  NR 
2  4 

b' . 

C1F  +  HNF2 

-*.C1NF2  +  HF 

It  was  tempting  to  choose  the  condensation  shown  in  (a)  as  being  the 
initial  step  with  the  subsequent  reduction  of  the  condensation  product, 
C1FqNF2.  However,  duo  to  the  experimentally  confirmed  reaction  (b1)  it 
appears  that  the  primary  process  is  probably  the  reduction  of  CIF^  by 


HNF 


2’ 


Additional  Hif luoramine-Chlorice  Fluoride  Systems 

After  repeated  attempts  with  varying  stiochiometries  of  chlorine  trifluoride 
and  difluoramine  failed  to  yield  F^lNFg,  several  other  variations  in  the 
form  of  the  reactants  were  utilized.  In  particular,  C1F0TBF^-,  KF-KC1F^, 
and  RbClF^,  complexes  of  CIF^,  were  used.  In  some  instances  a  HNFg'BF^ 
complex  was  employed. 
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The  reaction  of  neat  CIF^  and  HNF^  was  found  to  be  very  rapid,  even 
instantaneous.  Therefore,  BF^  was  used  to  complex  either  ClF^  or  HNF^, 
both  to  slow  down  the  reaction  and  also  to  prevent  subsequent  reaction 
of  the  remaining  Cl-F  bonds.  The  desired  moderation  in  the  reaction  rate 
was  achieved.  For  example,  at  -80  C,  when  equimolar  amounts  of  CIF^  and 
HNF^-BF^  were  mixed,  the  appearance  of  CINF^  and  other  N-F  species  was 
still  noted  after  4  days,  although  most  of  tLe  total  yield  was  obtained 
after  40  minutes.  This  pronounced  decrease  in  the  rate  of  the  reaction 
is  probably  caused  by  the  complexing  of  CIF^  by  the  BF^  made  available 
by  reaction  of  HNF^,  as  well  as  the  decrease  in  free  HNF^  concentration. 

Chlorodifluoramine  was  the  principal  nitrogen-containing  product  in  these 
BF^  systems  whether  1:1,  1:2,  or  2:1  molar  proportions  of  CIF^  and  HNF^ 
were  used.  The  results  of  these  experiments  also  showed  that  reaction 
temperatures  above  -80  C  led  to  an  increased  proportion  of  ^F^  among 
the  products.  The  relative  amount  of  N^F^  was  alBO  increased  by  an  excess 
of  CIF^.  Nitrogen  trifluoride  was  found  only  in  trace  amounts  at  or  below 
-80  C,  or  when  there  was  no  excess  of  Cl-F  reagent. 

The  solid  compounds  KF’KCIF^  and  RbClF^  were  treated  with  pure  HNF^  and 
it  was  determined  that  reaction  at  -80  C  was  very  slow.  The  rubidium  salt 
was  the  least  reactive  of  the  Cl-F  species  tested.  Conclusions  regarding 
the  reactivity  of  the  potassium  salt  are  difficult  to  make,  since  in  one 
experiment  an  explosion  occurred  upon  warming  the  mixture  directly  to 
room  temperature  from  -142  C.  However,  when  the  intermediate  temperature 
of  -80  C  was  maintained  for  some  time  before  further  warming,  no  explosion 
resulted. 
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The  yields  of  CINF2  obtained  with  these  solid  Cl-F  compounds  were  approxi¬ 
mately  50  percent  or  lower.  The  larger  amounts  of  NgF^  found  probably 
reflect  the  higher  temperature  needed  to  achieve  reaction.  The  formation 
of  N^F^  is  increased,  then,  by  increased  temperature  as  well  ar  y  the 
absence  of  CIF^  complexing  moieties. 

The  RbF  and  KF  formed  or  present  initially  in  these  reactions  proved 
effective  in  scavenging  the  HF  obtained  during  the  reactions.  To  have 
the  greater  reactivity  of  the  volatile  C1F.,  and  yet  still  eliminate  the 
possible  detrimental  effects  of  free  HF,  some  reactions  were  conducted 
using  NaF  to  "neutralize"  the  HF.  The  results  were  not  significantly 
different  than  those  found  in  experiments  run  in  the  absence  of  NaF. 

Recovery  of  Nitrogen-Containing  Products.  In  those  reactions  conducted 
using  Pyrex  glass  apparatus  and  BF^  as  a  complexing  agent,  the  complete 
recovery  of  difluoramine  nitrogen  as  volatile  compounds  was  not  realized. 
The  remaining  10  to  20  percent  was  probably  present  in  a  residual  white 
solid.  Upon  hydrolysis,  these  solids  gave  off  NO^,  indicating  the  pres¬ 
ence  of  either  NOBF,  or  N0oBF,  .  This  solid  did  not  contain  Cl-N-F  com- 
4  2  4 

pounds  since  all  of  the  reactant  chlorine  was  obtained  in  the  volatile 
materials. 

Elimination  of  the  glass  side  reactions  was  achieved  by  the  use  of  an 
all  Kel-F  and  Teflon  reactor.  However,  both  the  neat  and  complexed  re¬ 
actants  still  gave  essentially  the  same  basic  results  with  this  apparatus. 
In  this  instance  all  the  nitrogen  of  difluoramine  was  recovered  in  the 
form  of  volatile  N-F  compounds.  Moreover,  a  better  recovery  of  unreacted 
CIF^  was  possible. 
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Difluoramine-Chlorir.o  Pentafluoride  Systems.  Chlorine  pentafluoride  and 
dif luoramine  were  reacted  in  metal-Tef Ion ,  fyrex,  and  Kel-F-Teflon  reactors. 
As  with  chlorine  trifluoride,  the  pentafluoride  reacted  with  dif luoramine 
to  give  mixtures  of  CINFg,  and  NF^.  Unlike  CIF^,  however,  a  smooth 

reaction  at  -80  C  gave  products  which  were  more  sensitive  to  the  glass 
environment.  Within  minutes,  the  formation  of  NO^  could  be  visibly 
detected.  If  not  fractionated  at  once,  practically  no  N-F  or  Cl-F  mat¬ 
erials  were  found.  Instead,  the  degradation  products  NO  ,  HNO  ,  Cl  , 

J  £ 

CIO^  and  FCIO^  were  obtained.  Rapid  fractionation  of  an  equimolar  mixture 
yielded  as  much  as  77  percent  CINF^  with  23  percent  lecovery  of  CIF^.  The 
remaining  HNF^  was  converted  to  N^F^  and  NF^.  In  the  Kel-F-Teflon  reactor, 
a  good  correspondence  between  the  amount  of  CINF^  formed  and  the  amount 
of  C1F,.  reacted  was  also  found.  The  presence  of  the  side  products  N^F^ 
and  NF^  again  indicated  a  high  reactivity  of  the  Cl-F  bonds  of  the  original 
intermediates. 


Factors  Affecting  Reactivity  of  Cl-F  Bonds.  Several  significant  conclusions 
arc  possible  regarding  the  reaction  of  these  Cl-F  compounds  with  HNF^.  The 
relative  order  of  reactivity  for  the  various  systems  is: 


C1F3-HNF2  >  C1F5-HNF2  >  C1F3-HNF2*BF3  >  C1F2+BF4~_HNF2  >  RbClF4-HNF2 

The  place  of  C1F-HNF2  in  the  series  was  not  established  owing  to  its  high 
reactivity  with  glass,  which  precluded  rollowing  the  course  of  the  reaction 
through  increasing  vapor  pressure  as  in  the  other  systems.  Probably  it  is 
as  rapid  or  more  so  than  C1F,-HNF_.  The  place  of  KF*KC1F,  in  this  series 
is  doubtful,  but  it  is  probably  comparable  to  that  of  RbClF4.  It  was  deter¬ 


mined  that  the  predicted  Cl-N  bond  is  formed  in  ail  cases. 


The  alternative 
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possible  reactions: 

CIF^  +  HNF2 - ►  NF^  +  HF  +  C1F 

Cl  F_  +  HNF„ - ►NF,  +  HF  +  C1F, 

0  2  3  3 

cannot  be  occurring  to  any  great  extent,  if  at  all,  since  no  C1F  or  CIF^ 
was  observed  in  the  reaction  of  CIF^  or  CIF^,  respectively.  Very  often 
there  was  a  direct  correspondence  between  the  amounts  of  C1NF  observed 
and  the  loss  of  Cl-F  species.  Th'.s  is  consistent  with  the  earlier  noted 
resul t. 

An  interhalogen  fluoride  of  reduced  reactivity  was  also  studied;  the 
compound  chosen  was  IF,..  The  proposed  reaction  was  examined  in  both  the 
glass  and  plastic  reactors. 

IF  +  HNF  - J- — ►HF  +  IF  NF 

5  2  /  4  2 

Because  of  the  relatively  high  temperature  (0  c)  necessary  to  melt  the 
IF,.,  the  reaction  was  found  to  give  unwanted  degradation  products,  includ¬ 
ing  I().  In  fact,  only  small  amounts  of  N-F  materials  could  be  found. 

REACTIONS  OF  DIFLUORAMLNE  AND  INORGANIC 
FLUOROXY  COMPOUNDS 

The  synthesis  of  inorganic  ONF^  compounds  has  been  attemptea  by  the  reac¬ 
tion  of  difluoramine  and  the  fluoroxy  compounds,  oxygen  difluoride, 
fluorine  nitrate,  and  fluorine  perchlorate.  These  reactions  may  be 
represented  by  the  general  equation: 

K~F 

XOF  +  HNF2 - — - ►X0NF2  +  KHF2 

where 

X  =  N02,  or  CIO^ 
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Tlie  successful  utilization  of  organic  hypof luorites  in  the  synthesis  of 
new  organic  ONF^  compounds  at  Rocketdyne  was  the  ba=is  for  this  approach 
(Ref.  20 ).  Since  the  yields  of  organic  reactions  appeared  to  be  enhanced 
by  adding  NgF^,  it  is  likely  that  the  following  types  of  reactions  were 
involveu : 

XOF  HNF2 _ —  »»KHF2  +  X0-  +  NF2* 


Hie  inorganic  radical  species  from  such  reactions  would  be  N0^-  and  C10^*. 
Although  no  reproducible  evidence  for  0NF2  compounds  was  observed,  the 
reaction  products  could  be  explained  by  the  reaction  of  NF2*  or  ^F^  with 


N0^*  and  Cl()^*  radicals  or  their  decomposition  products. 


NF2-  4  N03- - ►N02,  FN02,  and 

NF0‘  +  CIO^* - ►FNO  and  FCIO^,  with  smaller  quantities  of 

W  ™°2’  cl2 


Although  the  observed  products  can  be  most  easily  explained  by  assuming 
the  participation  of  ONF  radical  species,  the  absence  of  NF 0  as  a  pro- 

J 

duct  is  a  possible  deterrent  to  such  a  postulate.  The  absence  of  NgFg, 
ub  well,  suggests  that  the  NF  diradical  also  is  an  unlikely  participant  in 
the  reactions.  Noncondensible  gases,  02  or  F^,  were  also  absent  in  these 
reaction  products. 
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THE  REACTION  OF  DIFLUORAMINE- ALKALI  METAL 
FLUORIDE  COMPLEXES  WITH  DIFLUORODIAZENE 

The  basic  behavior  of  cis-N„F^  with  AaF^  suggested  that  a  reaction  between 
cis-N  F?  and  HNF^  to  form  HF  and  -NF=N-NF2  or  NF2~N=N-NF2  may  be  possible. 
Accordingly,  this  reaction  was  carried  out  with  the  HNF^'KF  complex  and 
the  HNF^’CsF  complex  to  provide  a  driving  force  by  the  formation  of  KHF^ 
or  CsHF^  respectively.  The  reactants  were  slowly  warmed  from  -142  C,  and 
were  recovered  unchanged  in  the  case  of  potassium  fluoride  complex.  When 
the  volatiles  were  removed  from  the  N^F^-MF^’  CsF  mixture  at  -80  C  and 
examined  by  their  infrared  spectrun,  unknown  material  giving  rise  to 
absorptions  at  5 * 35  M,  6.2  and  11.0  fl,  were  found.  The  peak  at  11.0  H 
may  be  due  to  NF^,  which  in  itself  would  indicate  some  reaction  between 
N2F2  and  HNF2>  Explosive  decomposition  of  CbF-HNF2  did  not  occur  until 
near  -20  C;  therefore  temperatures  somewhat  above  -80  C  may  be  investigated. 

MISCELLANEOUS  REACTIONS 
Reaction  of  NF^O  With  BFgCl 


The  reversible  dissociation  of  NF^OBF^  complex  suggested  that  some  C1NF20 
might  be  synthesized  by  dissociation  of  the  NF^0BF2C1  or  NF20+BF^C1~ 
complex.  An  equilibrium  mixture  of  boron  fluoride  chlorides,  rich  in 
BF^  and  BFgCI ,  was  pumped  on  at  -142  C  to  remove  most  of  the  BF^.  The 
residual  mixture  was  reacted  with  NF^O  at  -142  C  and  warmed  to  -80  C. 

The  products  recovered  after  further  warming  gave  evidence  of  the  follow¬ 
ing  reaction: 

2NF_0-BFoCl-*-NF_0  +  BF_  +  Cln  +  N0BF. 

3  2  3  3  2  4 

Whether  chlorine  resulted  from  BFgCl  oxidation  or  CINFgO  decomposition 
could  not  be  determined. 
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Nuclear  Magnetic  Resonance  Studies  of 
FNO-CIF.  and  FNO  -C1F_  Mixtures 

_ 5 _ 2  2 _ 


Slight  interactions  between  FNO  and  ClF,.  or  FN0_  and  C1F_  were  considered 

5  2  5 

possible  at  low  temperatures  on  the  basis  of  previous  evidence  (Ref.  21 

and  22).  The  appealing  possibility  of  the  low- temperature  existence  of 

the  anions  FnN0-  and  F  NO  “  warranted  an  examination  of  the  FN0-C1F_ 

219  2  2  5 

systems  by  F  NMR.  Even  slight  interactions  between  these  moieties 

should  be  detectable  by  this  method.  A  comparison  of  the  chemical  shifts 

and  splitting  constants  of  the  pure  components  and  their  mixtures  was 

made,  and  no  evidence  for  interaction  was  found.  The  data  are  summarized 

in  Table  3.  The  assignment  of  the  peak  at  95  and  101  ppm  to  FC102  was 

subsequently  checked  against  a  pure  FC102  spectrum  which  had  a  singlet 

resonance  at  97  ppm  at  -80  C. 

The  disparity  between  the  observations  above  and  the  reported  complexes 
FNO-CIFj.  and  FNOg’ClF^  is  unexpected.  One  would  expect  some  detectable 
intermolecular  interactions;  the  fact  that  we  detected  no  complex  is  attri¬ 
buted  to  our  observing  only  uie  liquid  phase  in  the  n.m.r.  tube. 


Difluoramine-Chloryl  Fluoride  Reactions 

Another  approach  designed  to  establish  a  Cl-N  bond  from  an  active  Cl-F 
compound  and  HNF2  involved  FClOg.  Hiis  compound  has  been  demonstrated 
to  couple  with  an  acidic  hydrogen  (Ref.  23): 

FC10„  +  H0S0„F _ ^.0  mosn  F  -t-  HF 

2  a  '22 
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TABLE  3 


NUCLEAR  MAGNETIC  RESONANCE  SPECTRA  OF 
FNO,  FN02,  C1F5,  FN0-C1F,.,  AND 

fno2-cif5 


Components 

Chemical  Shift 
Relative  to  F2, 

ppm 

J  Value, 
cps 

Assignment 

Temperature, 

C 

FNO 

-60 

unresolved 

-80 

fno2 

34 

116 

-59 

36 

118 

-41 

C1Fc 

5 

164 

142 

doublet 

-80 

1 

quintet 

fno_cif 

-62 

unresolved 

FNO 

(1:2) 

31 

130 

fno2 

101 

singlet 

fcio2 

-108 

167 

145 

C1F,.  doublet 

0 

CIF^  quintet 

FN02-C1F5 

31.5 

118 

fno2 

(1:1) 

95 

singlet 

fcio2 

-60 

167.5 

130 

CIF^  doublet 

-2.5 

C1F,.  quintet 

FN02-C1F5 

30 

123 

fso2 

(1:1) 

95 

singlet 

fcio2 

-80 

167.5 

130 

CIFj.  doublet 

-3.5 

C1F,.  quintet 

NOTE: 


External  standard  used  to  calibrate  scale 


(cf3co)2o 
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With  HNF^,  the  reaction  might  be  expected  to  proceed  as  follows: 

FC102  +  HNF2  y/  >.HF  +  02C1NF2 

Since  C102  and  possibly  FClOg  as  contaminants  have  been  credited  with 
deflagrations  in  previous  C1F  -HNFg  experiments  (Ref.  24)  the  complex 

-f  —  ^ 

C102  BF^  was  employed  as  the  reactant. 

Chlorine  dioxide  was  removed  from  the  relatively  nonvolatile  complex  at 
-80  C.  The  complex  was  then  transferred  to  the  Kel-F  reactor,  and  HNF2 
was  added  at  -142  C.  Upon  warming  the  mixture  to  -80  C,  a  deflagration 
occurred. 

The  gases,  noncondensible  at  -196  C,  came  almost  exclusively  from  the 
HNF2.  However,  among  the  condensible  products,  there  was  a  small  amount 
of  unidentified  material  *ith  a  sharp  doublet  infrared  absorption  at  7.6 
and  7.7  microns.  This  does  not  correspond  to  FC10  ,  CIO  ,  or  FC10 
absorptions,  and  may  indicate  the  desired  compound.  Unfortunately,  the 
N-F  region  was  obscured  by  the  presence  of  NF^,  and  the  sample  was  too 
small  to  purify.  Nearly  all  the  FClOg-BF^  complex  was  recovered.  It 
is  likely  that  the  deflagration  was  caused  by  C102  which  was  formed  dur¬ 
ing  transfer  of  the  complex  into  the  reactor.  Experiments  in  which  both 
the  FC102  and  HNF2  are  complexed  with  BF^  have  eliminated  deflagrations, 
but  the  desired  compound  has  not  been  prepared.  The  HNF2  was  converted 

to  NOBF,  . 
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The  Fluorination  of  BrF_ 


Since  the  high-pressure,  high-temperature  fluorination  of  CsBrF^  and  BrF,. 
has  been  unsuccessful  (Ref.  29),  a  low-temperature  reaction  with  a  discharge- 
excited  fluorine  stream  was  attempted.  When  the  frozen  products  were 
warmed,  no  noncondensibles  were  observed.  Similar  negative  results  were 
obtained  when  a  stream  of  premixed  BrF,.  and  excess  F^  was  passed  through 
a  glow  discharge  and  immediately  frozen. 


Fluorination  of  FNO 


A  room-temperature  reaction  of  FNO  and  CIF^  was  conducted,  and,  in  addi¬ 
tion  to  the  products  FNO^,  FC102,  C102,  and  unreacted  CIF^,  an  unknown 
was  also  observed  in  the  infrared  spectrum  of  the  products.  The  unidenti¬ 
fied  material  had  infrared  absorption  peaks  at  5.8  M  (doublet),  7.2  (i 
(broad),  8.4  (singlet)  and  9.7  M  (?QR).  This  reaction  will  be 
re-examined. 
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PREPARATION  OF  C120 

Chlorine  monoxide  vae  prepared  in  high  purity  from  the  reaction  of  chlorine 
gas  diluted  with  nitrogen,  and  dry,  freshly  prepared  yellow  mercuric  oxide 

(Ref.  25) 

2C12  +  (n+l)HgO - ►ClgO  +  HgCl^nHgO 

The  Clo0  was  stored  in  Pyrex  ampoules  at  -196  C. 

ALKALI  METAL  FLUORIDES 

To  ensure  dry  potassium  fluoride  and  cesium  fluoride,  both  compounds  are 
first  fused,  and  then  powdered  and  handled  in  a  dry  box. 


PREPARATION  OF  FLUORINE  NITRATE 

Fluorine  nitrate  was  prepared  by  the  reaction  of  Fg  on  dried  NaNO^  (Ref.  26) 

NaNO^(e)  +  F2(g) - (g)  +  NaF(«) 

The  FNO^  was  stored  at  ambient  temperature  in  a  stainless  steel  cylinder. 

PREPARATION  OF  JINF2 

Dif luoromine  was  prepared  by  the  aqueous  fluorination  of  urea  followed 

by  the  treatment  of  the  fluorinated  urea  solution  with  concentrated  H„S0.  . 

2  4 
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The  impure  HNF^  was  purified  by  low-temperature  fractionation,  and  was 
stored  in  glass  ampoules  at  ambient  temperature. 

FLUORINATION  REACTIONS 

Over  20  reactions  of  the  fluorination  of  Cl^O  over  CsF  at  -80  C  have  been 
carried  out.  Typical  experiments  utilise  5-niilliniole  quantities  of 
material.  The  fluorinations  were  carried  out  using  a  300-milliliter, 
stainless  steel,  high-pressure,  Hoke  cylinder  fitted  with  a  high-pressure 
Hoke  needle  valve  (Y  3002  H).  The  Cl^O  was  condensed  into  the  cylinder 
from  a  metal  high-vacuum  system.  The  desired  amount  of  fluorine  was  then 
condensed  into  the  cylinder  at  -196  C.  The  cylinder  was  then  warmed  to 
the  desired  reaction  temperature,  usually  -80  C.  Solid  starting  material  1 
was  handled  in  the  dry  box.  Fractionation  of  the  products  was  carried 
out  in  a  metal  vacuum  system  equipped  with  Teflon  traps.  The  purification 
of  oxychlorine  trifluoride  is  readily  accomplished  in  the  vacuum  line  by 
trapping  at  -95  C.  Identification  of  reaction  products  was  by  infrared 
analysis,  using  an  infrared  cell  constructed  of  stainless  steel  and 
equipped  with  AgCl  windows. 


PREPARATION  OF  FHJ0RINF  PERCHLORATE 

Fluorine  perchlorate  was  prepared  by  passing  fluorine  at  1  atm  through 
70  percent  perchloric  acid  at  0  C  in  a  Kel-F  U-tube.  Gas-liquid  contact 
was  increased  by  packing  the  U-tube  with  high-surface,  inert,  12-mesh, 
aluminum  oxide.  The  gas  stream  was  passed  through  traps  at  -142  C  and 
-196  C  and  then  through  a  Fluorolube  oil  bubbler  before  venting  over 
ammonia.  The  products  in  the  -142  C  trap  were  60  percent  fluorine 
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perchlorate  and  40  percent  perchloryl  fluoride.  Three  similar  preparations 
proceeded  without  incident,  including  subsequent  purification,  warming, 
and  transfer  of  the  fluorine  perchlorate.  The  iluorine  perchlorate  was 
identified  by  its  infrared  spectrum. 


DIFLUORAMINE- FLUORINE  PERCHLORATE  REACTIONS 

The  reaction  of  difluoramine  and  fluorine  perchlorate  was  carried  out  by 

warming  the  reactants  in  stainless  steel  from  -152  C  to  room  temperature. 

The  reaction  proceeded  smoothly  on  the  basis  of  observed  gradual  pressure 

changes.  The  reaction  products  were  FCIO^,  FNO,  and  smaller  amounts  of 

FNO^,  N^F^,  and  ^2*  ®ome  unreacted  DCIO^  was  recovered.  The  primary 

products,  FNO  and  PCIO^,  were  presumed  to  arise  from  the  reorganization 

of  NF_  and  CIO,  radicals.  When  KF  was  added  to  difluoramine  before  the 
2  4 

introduction  of  fluorine  perchlorate,  an  explosion  occurred  upon  warming 
the  reactants  above  -80  C 


REACTION  OF  CHLORINE  TRIFLUORIDE  AND  DIFLUORAMINE 

A  reactor  made  of  Kel-F  and  fitted  with  a  Teflon  valve  was  used  for  the 
reactions;  into  it  was  condensed  chlorine  trifluoride  (8.1  cc,  0.362 
mmoles)  at  -196  C.  The  valve  was  then  closed  and  the  reactor  was 
connected  tc  the  glass  vacuum  line  from  which  the  difluoramine  (24.2  cc, 
1.07  mmoles)  was  condensed  into  the  reactor  at  -142  C  The  reactor  was 
then  closed  again  and  the  cooling  bath  changed  to  -78  C.  After  30  min¬ 
utes,  the  reactor  was  nnonpd  and  fractionated  on  the  metal  high  vacuum 
system.  An  infrared  spectrum  of  the  material  in  the  -142  C  fraction 
showed  the  absence  of  any  Cl-F  or  N-F  species,  and  indicated  that  HF 
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was  the  only  absorbing  compound  present.  Similar  inspection  of  the  -I96  C 
fraction  (16,2  cc)  revealed  that  it  consisted  of  1  percent  or  less  NF^, 
the  remainder  being  a  1:1  mixture  of  CINFg  and  NgF^.  Thus  the  reaction 
of  CIF^  and  HNF^  was  complete  and  nearly  quantitative. 

REACTION  OF  CHLORINE  MONOFLUORIDE  AND  DIFLUORAMINE 

After  carefully  passivating  the  Kel-F  reactor  with  CIF^,  it  was  evacuated 
and  attached  to  the  glass  vacuum  line.  Dif luoramine  (32.1  cc,  1.43  mmoles) 
was  condensed  in  at  -142  C.  The  closed  reactor  was  then  reattached  to  the 
metal  vacuum  line  and  C1F  condensed  in  at  -142  C,  the  quantity  (32.0  cc, 

1.44  mmoles)  being  measured  by  pressure  difference  Bince  C1F  has  a  small 
vapor  pressure  at  this  temperature.  After  30  minutes  at  -78  C,  the  product 
gases  were  separated  by  fractional  condensation  at  -142  C  and  -196  C.  The 
high-temperature  fraction  was  found  to  be  HF  without  any  infrared-observable 
contaminants.  The  low-temperature  sample  (31.9  cc,  99.4  percent)  did  not 
contain  any  unreacted  C1F,  but  was  composed  of  a  mixture  of  97  percent 
CINFg  and  3  percent  NgF^.  The  latter  may  have  arisen  through  incomplete 
reaction  of  the  difluoramine  and  its  subsequent  decomposition  in  the  metal 
line  during  fractionation. 


REACTION  OF  CHLORINE  MONOFLUORIDE  AND  TETRAFLUOROHYDRAZINE 

Equal  volumes  (22.4  cc,  1.0  mmole)  of  C1F  and  NgF^  were  condensed  into 
a  Teflon  U-trap  incorporated  into  the  metal  vacuum  system.  After  stand¬ 
ing  at  -78  C  for  30  minutes,  the  mixture  was  allowed  to  expand  at  ambient 
temperature  (44.8  cc,  100  percent  recovery)  and  an  infrared  sample  was 
taken.  It  was  observed  that  some  slight  decomposition  of  the  N^F^Iiad 
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occurred,  giving  FNO  and  FNC^.  This  may  have  been  due  to  a  minute  air 

leak.  However,  the  NgF^  recovery  represented  92  to  94  percent  of  the 

starting  material,  and  no  indication  of  any  NF,  or  CINF^  was  present. 

The  C1F  which  was  also  present  could  not  be  accurately  measured  due  to 

overlap  of  its  absorptions  and  those  of  FNO.  Nevertheless,  no  reaction 

of  C1F  and  N„F,  under  these  conditions  was  found. 

2  4 
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The  nev  oxidizer  oxychlorine  trifluoride,  CIF3O,  has  been  prepared  in  high  yields 
by  the  fluorination  of  CI2O,  Preliminary  results  indicate  this  new  oxidizer 
boils  at  AO  ±5  C.  Concomitant  with  the  formation  of  CIF3O,  it  was  found  that 
CI2O  is  acidic  to  CsF  inasmuch  bb  complexes  of  the  type  CsF-Cl20  are  formed. 

This  material  represents  a  new  class  of  compounds.  The  preparation  of  CIF3O  was 
attempted  by  a  variety  of  routes.  Metatheticnl  reactions  of  CIF5  did  not  yield 
CIF3O  nor  did  the  careful  hydroiysis  of  C 1  Ft^  give  rise  to  CIF3O.  The  fluorina¬ 
tion  of  coraaercial  calcium  hypochlorite  gave  inconclusive  results.  Discharge 
reactions  of  F2  vi£k  Cig®  ^  CI02  Kave  n0  nev  species;  nor  did  the  discharge 
reaction  of  O2  with  CIF3  and  CIF5  give  rise  to  nev  compounds.  The  preparation  of 
Br2C  was  accomplished  for  study  vith  F2  and  CsF.  The  compound  (IF3O),  was  found 
to  be  best  represented  b.  the  composition  I02+IF6~.  Using  HNF2  and  CIF3  in  a 
variety  of  forms  failed  to  yield  ClFjr^-  The  stoichiometry  of  the  reaction  was 
found  to  follov  th»  equation  CIF3  +  3HNF2  *•  CINF2  ♦  N2F4  «  3HF.  It  was  also 
found  that  the  action  of  CIF  cn  HNF2  E*T®  •  quantitative  yield  of  CINF2  *«d 
represents  a  nsv  preparation  of  C1NF2-  The  reaction  of  NF3O  and  BF2CI  failed 
to  give  NF2CIO.  The  n.m. r.  examination  of  the  eysteme  FNO-CIF5  and 
FND2-CIF5  shoved  no  interaction  in  the  liquid  state.  (Confidential  Abstract) 
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